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(54) METHOD AND APPARATUS FOR PROJECTION EXPOSING 

(57)Abstract: 

PURPOSE: To improve the resolution exceeding the 
diffraction limit by emitting the light from a light source to 
a mask, diffracting the pattern of the mask, diffracting the 
diffracted light through a projection optical system, and 
reproducing the pattern on a sample to be exposed. 
CONSTITUTION: A mask 1 is inserted between a 
projection optical system 2 and diffraction gratings A, B, 
and a diffraction grating C is inserted between the 
system 2 and a wafer 4. In this case, the gratings A, B, C 
are simultaneously phase gratings. The light R 
perpendicularly incident to the mask 1 is diffracted to 
zero order diffracted light RO, primary diffraction light 
R1 and - primary diffracted light R1' on the mask 
surface. The light RO arrives at a point AO on the grating 

A, and the light diffracted in the - primary direction is diffracted to + primary direction at the 
point BO on the grating B. Thereafter, it is diffracted at the point CO on the grating C via the 
left end of the pupil 3 in ± primary direction, and arrived at two points Q, P on the image 
surfaces. 
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* NOTICES 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 
[Claim(s) 

[Claim 1 A projection exposure method comprising a process for which a mask is prepared, 
a process of irradiating the above-mentioned mask with light from a light source, a process 
of diffracting a pattern of the above-mentioned mask, and a process of diffracting this 
diffracted light through a projection optical system, and reproducing and exposing the 
above-mentioned mask pattern on a sample. 

[Claim 2 The projection exposure method according to claim 1 diffracting twice as the 
above-mentioned process of diffracting. 

[Claim 3 A light source, and the 1st and the 2nd diffraction means which irradiate with a 
pattern on a mask with light from this light source, and diffract light from this mask, A 
projection aligner consisting of a sample table which lays a sample arranged under a 
projection optical system which projects diffracted light on a sample, the 3rd diffraction 
means that diffracts light from this projection optical system, and this 3rd diffraction means. 
[Claim 4 The projection aligner according to claim 3, wherein the above 1st and the 2nd 
diffraction means are phase gratings. 

[Claim 5 In a method of forming a pattern on the above-mentioned substrate by irradiating a 
mask with light of the wavelength lambda which emitted a light source via an illumination- 
light study system, and carrying out image formation of the pattern on the above-mentioned 
mask to up to a substrate according to a projection optical system of the numerical aperture 
NA and the reduction percentage M:1, So that it may have the 1st diffraction grating parallel 
to the above-mentioned substrate between the above-mentioned substrate and the above- 
mentioned projection optical system and an image of a mask pattern may be reproduced by 
interference of light diffracted by said 1st diffraction grating near the substrates face, A 
projection exposure method providing a diffraction grating, the 2nd diffraction grating and 
the 3rd diffraction grating, of two sheets sequentially from the above-mentioned mask side 
between the above-mentioned mask and the above-mentioned illumination-light study 
system at the above-mentioned mask and parallel. 

[Claim 6 The projection exposure method according to claim 5, wherein the interception 
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spatial frequency f of an optical system which provided said diffraction grating is larger than 
the interception spatial frequency fO of an optical system which does not provide said 
diffraction grating and is f2 or less twice 0. 

[Claim 7 The projection exposure method according to claim 5, wherein the space cycle P1 
of said 1st diffraction grating is in the range of lambda/(1 .42 and NA) < PI < lambda NA. 
[Claim 8 The projection exposure method according to claim 5, wherein period directions of 
the 1st, 2nd, and 3rd diffraction gratings of the above are equal and the space cycle PI of 
the 1st diffraction grating of the above, the space cycle P2 of the 2nd diffraction grating, 
and the space cycle P3 of the 3rd diffraction grating fill a relation of about IPS 1 P2-1/(M- 
P1). 

[Claim 9 The projection exposure method according to claim 5, wherein the optical distance 
Z1 and the optical distance Z2 from the above-mentioned mask surface of the 2nd and 3rd 
diffraction grating of the above, and Z3 fill a relation of P2 (Z3 M Z1, andM) PI mostly 
(Z3-Z2) from the above-mentioned substrate face of the 1st diffraction grating of the above. 
[Claim 10 Each installed position of the 1st diffraction grating of the above, the 2nd 
diffraction grating of the above, and the 3rd diffraction grating of the above, Thickness of 
each transparent substrate which provides the 1st diffraction grating of the above, the 2nd 
diffraction grating of the above, and the 3rd diffraction grating of the above, And the 
projection exposure method according to claim 5 setting up a cycle of the 2nd diffraction 
grating of the above according to physical relationship of NA of said projection optical 
system and reducing magnification, and each diffraction grating and the above-mentioned 
substrate so that aberration between the above-mentioned mask surface and the image 
surface may serve as the minimum. 

[Claim 1 1 the space cycle P2 of said 2nd diffraction grating ~ P2 < 1 (1-2 and NA/M) 
******** - the projection exposure method according to claim 5 characterized by things. 
[Claim 12 The projection exposure method according to claim 5, wherein said 2nd and 3rd 
diffraction gratings are phase gratings. 

[Claim 13 The projection exposure method according to claim 5, wherein said 1st diffraction 
grating is a phase grating. 

[Claim 14 Width to said one way between said substrate and said 1st diffraction grating by 
below Z1 and NA. While a space cycle provides the 1st shielding pattern of 2, Z1 , and NA 
mostly,. [ whether the 1st shielding pattern of the above on a mask and the 2nd shielding 
pattern that shades an almost conjugate field are provided right above said mask or in 
directly under, and an exposure region is restricted to it, and Or the projection exposure 
method according to claim 5 scanning and exposing on a substrate an exposure region 
restricted [ above-mentioned ], or exposing moving to step form. 
[Claim 15 The projection exposure method according to claim 5 which said diffraction 
grating is a one-dimensional diffraction grating, and is characterized by carrying out 
aberration compensation so that a wavefront aberration of said projection optical system 
may serve as axial symmetry centering on a diameter of a direction vertical to period 
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directions of tine above-mentioned diffraction grating on a pupil. 

[Claim 16 The projection exposure method according to claim 5, wherein said mask 

contains a cycle type phase shift mask. 

[Claim 17 The projection exposure method according to claim 5, wherein said mask has a 
detailed pattern in a specific direction according to a cycle and a direction of said 1st 
diffraction grating. 

[Claim 18 The projection exposure method according to claim 5, wherein said mask 
amends pattern shape according to a cycle and a direction of said 1st diffraction grating. 
[Claim 19 The projection exposure method according to claim 5 the refractive index's n 
having filled between said 1st diffraction grating and said substrates with a larger fluid than 
1, and setting NA of said projection optical system as the range of 0.5<NA<n 2. 
[Claim 20 In a projection aligner which has a projection optical system of the numerical 
aperture NA and the reduction percentage M:1 which carry out image formation of the 
pattern on the above-mentioned mask to an illumination-light study system which irradiates 
a mask on a mask stage with light of the wavelength lambda which emitted a light source 
near the substrate face on a substrate stage, It has the 1st diffraction grating of the 1st 
space cycle PI (lambda (1 .42 and NA) < PI < lambda NA) parallel to the above- 
mentioned substrate between the above-mentioned substrate and the above-mentioned 
projection optical system, So that an image of a mask pattern may be reproduced by 
interference of light diffracted by the 1st diffraction grating of the above near the substrates 
face, A projection aligner having a diffraction grating, the 2nd diffraction grating and the 3rd 
diffraction grating, of two sheets sequentially from the above-mentioned mask side in the 
above-mentioned mask and parallel between the above-mentioned mask and the above- 
mentioned illumination-light study system. 

[Claim 21 The projection aligner according to claim 20, wherein period directions of the 1st, 
2nd, and 3rd diffraction gratings of the above are equal and the space cycle PI of the 1st 
diffraction grating of the above, the space cycle P2 of the 2nd diffraction grating, and the 
space cycle P3 of the 3rd diffraction grating fill relation between about 1 P3 1 (M-P1) 1 P2. 

[Claim 22 Each installed position of the 1st diffraction grating of the above, the 2nd 
diffraction grating of the above, and the 3rd diffraction grating of the above, Thickness of 
each transparent substrate which provides the 1st diffraction grating of the above, the 2nd 
diffraction grating of the above, and the 3rd diffraction grating of the above. And the 
projection aligner according to claim 20 setting up a cycle of the 2nd diffraction grating of 
the above according to physical relationship of NA of said projection optical system and 
reducing magnification, and each diffraction grating and the above-mentioned substrate so 
that aberration between the above-mentioned mask surface and the image surface may 
serve as the minimum. 

[Claim 23 Between said substrate and said 1st diffraction grating, width to said one way by 
below Z1 and NA. [ whether a space cycle has a shielding pattern of 2 and NA-Z1 mostly, 

http://ww4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://ww4.ipdl.inpit.... 4/30/2009 



and ] Or the projection aligner according to claim 20 having a function which scans and 
exposes on a substrate an exposure region restricted with the above-mentioned shielding 
pattern, or is exposed while moving to step form. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http://vww4.ipdl.inpit.... 4/30/2009 



* NOTICES 



JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

I.This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2 **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention 
[0001] 

[Industrial Application This invention relates to the pattern formation method for forming the 
minute pattern of various solid state components, and the projection aligner used for this. 
[0002] 

[Description of the Prior Art In order to improve the degree of location and working speeds 
of a solid state component, such as LSI, the minuteness making of the circuit pattern is 
progressing. Minuteness making of the pattern is desired for the improvement in the 
characteristic of light and electronic devices and various kinds of quantum effect elements, 
such as laser, a dielectric, a magnetic body element, etc. The reduced-projection-exposure 
method excellent in mass production nature and resolution performance is widely used for 
the pattern formation of these now. Since the resolution limit of this method is proportional 
to an exposure wavelength and in inverse proportion to the numerical aperture (NA) of a 
projection lens, improvement in a resolution limit has been performed by short wavelength 
formation and high NA-ization. 

[0003]The various image improving methods, such as a phase shift method, a deformation 
illumination method (oblique incidence illumination), and a pupil filter method, are applied 
as a technique for improving the resolution of a reduced-projection-exposure method 
further, these - the former ~ the performance of an optical system ~ until [ theoretical ] 
diffraction marginal (interception spatial frequency 2 NA lambda) last-minute - it will be 
used effectively. The these image improving method (often called a super resolution 
method) is discussed by the 49th page (science forum company **, 1994, Tokyo) from 
innovation of a ULSI lithography technology, Chapter 1, and the 34th page, for example. 
[0004]On the other hand, some methods of expanding the spatial frequency band of an 
optical system are known as a method of improving the resolution of a microscope across 
the conventional above-mentioned diffraction limit. These spatial frequency band dilation is 
discussed by the 859th page (1968) from applied physics, the 37th volume, No. 9, and the 
853rd page, for example. One of methods of this is what scans two lattice patterns keeping 
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conjugation relation mutual right above an object and an Inaage (at least inside of the depth 
of focus), A moire pattern is formed by superposition of an object and the 1st lattice pattern 
of the right above of it, and it gets over by passing a lens system and piling up this moire 
pattern with the 2nd lattice pattern by the image side. Since a moire pattern has spatial 
frequency lower than an object and the 1st lattice pattern, it can pass a lens system. It 
applies for applying this method to a reduced-projection-exposure method. Generally, since 
it is difficult, it is operating scanning a lattice pattern mechanically right above wafer as a 
lattice by providing a photochromic material directly on a wafer and scanning an 
interference fringe in piles to this. 
[0005] 

[Problem(s) to be Solved by the Invention however, the above ~ there are the following 
technical problems in various conventional technologies. 

[0006]As for the short wavelength formation of exposing light, an ArF excimer laser 
(wavelength of 193 nm) is first considered to be a limit from the problem of the 
transmissivity of optical (lens) material. As for NA of a projection optical system, 0.6-0.7 are 
considered to be limits from a lens design and a manufacturing problem. However, the 
resolution limit of the exposing method is about 0.3 lambda NA, when 0.5 lambda NA and a 
cycle type phase shift method are generally used, therefore even if it uses the limit of the 
above-mentioned short wavelength formation and a raise in NA, formation is conventionally 
difficult for a pattern of 0.1 micrometer or less. In the above-mentioned cycle type phase 
shift method, since a mask pattern is restricted, a actual limit size retreats further about a 
more general circuit pattern. Although expansion of the exposure area is demanded with 
large-scale-izing of LSI, it is very difficult to satisfy simultaneously expansion of the 
exposure field of a projection optical system, and the demand of a raise in NA. 
[0007]On the other hand, the various spatial frequency band dilation aiming at crossing the 
conventional diffraction limit aims at expanding a minute object for a microscope. For this 
reason, there was a problem that it was not necessarily suitable in forming the minute 
optical image demanded by optical lithography. For example, in the method of using said 
moire pattern, the mechanism or optical system for scanning two lattices, keeping 
conjugation relation mutual right above a mask and a wafer becomes it is remarkable and 
complicated. Since exposure of resist is substantially performed by evanescent light, there 
are problems, like it becomes difficult for light to decline in a wavelength range and to 
expose thick resist. Even when using photochromic one, there is no suitable material. 
Therefore, when mass production of LSI was considered, there was a problem that it could 
not necessarily be said that it is practical. 

[OOOSJIn the projection exposure method which forms the minute pattern of various solid 
state components, the purpose of this invention is to provide the method of improving the 
resolution across the conventional diffraction limit (interception spatial frequency). 
Specifically, it is in providing the new projection exposure method with which an effect 
almost equivalent to having doubled a maximum of the NA substantially is acquired, and 
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the exposure device which mal<es this possible, without changing NA of a projection optical 
system. 

[0009]The thing of a resolution improved effect to acquire is possible for another purpose of 
this invention only by adding some improvement to these, without changing greatly the 
composition and the optical system of an exposure device of a conventional type, And it is 
in providing a projection exposure method suitable for mass production of LSI with which it 
is simultaneously satisfied of a big exposure field and high resolution. 
[0010] 

[Means for Solving the Problem When carrying out image formation of the above- 
mentioned purpose to up to a substrate using light of the wavelength lambda according to a 
projection optical system (numerical aperture NA, reduction percentage 1:M) of 
MASUKUPATAN and forming a pattern, between the above-mentioned substrate and the 
above-mentioned projection optical system, While providing the 1st diffraction grating of the 
space cycle P1 (however, it is desirable that it is lambda (1 .42 and NA) < PI < 
lambda/NA) in the above-mentioned substrate and parallel. It is attained by providing a 
diffraction grating, the 2nd diffraction grating and the 3rd diffraction grating, of two sheets in 
the above-mentioned mask and parallel sequentially from the above-mentioned mask side 
between said projection optical system and said mask so that an image of a mask pattern 
may be reproduced by interference of light diffracted by the 1st diffraction grating of the 
above near the substrates face. 

[001 1]ln order to reproduce an image of a mask pattern faithfully by the diffracted light of 
the 1st diffraction grating. Period directions of the 1st, 2nd, and 3rd diffraction gratings of 
the above are equal, and the space cycle PI of the 1st diffraction grating of the above, the 
space cycle P2 of the 2nd diffraction grating, and the space cycle P3 of the 3rd diffraction 
grating are set up so that a relation of about 1/P 3 1 P2-1/(M-P1) may be filled. The optical 
distance Z1 from the above-mentioned substrate face of the 1st diffraction grating of the 
above and the optical distance Z2 from the above-mentioned mask surface of the 2nd and 
3rd diffraction grating of the above, and Z3 are set up so that a relation of P2 (Z3- 
/M+Z1andM) P1 may be filled mostly (Z3-Z2). It is desirable that it is P2< 1 (1-2 and 
NA/M). It is preferred to set up an installed position of the 1st, 2nd, and 3rd diffraction 
grating, thickness of a transparent substrate of each diffraction grating, and a cycle of the 
2nd diffraction grating so that aberration between the above-mentioned mask surface and 
the image surface may serve as the minimum. It is preferred that a space cycle provides 
mostly the 1st shielding pattern of the above and the 2nd shielding pattern that shades an 
almost conjugate field for the 1st shielding pattern of 2, Z1 , and NA right above said mask or 
in directly under again, and width restricts an exposure region by below Z1 and NA between 
a substrate and the 1st diffraction grating.lt is preferred to scan and expose on a substrate 
an exposure region restricted above-mentioned ] if needed, or to expose, moving to step 
form. As for these each diffraction grating, it is preferred that it is a phase grating. 
[0012]As for said diffraction grating, it is preferred to consider it as a one-dimensional 
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diffraction grating, and to carry out aberration compensation of the wavefront aberration of 
said projection optical system so that it may become axial symmetry centering on a 
diameter of a direction vertical to period directions of the above-mentioned diffraction 
grating on a pupil. This invention demonstrates a big effect especially, when a cycle type 
phase shift mask is used as a mask. It is desirable to restrict a cycle and a direction of a 
detailed pattern according to a cycle and a direction of a diffraction grating, or to amend 
pattern shape if needed. If the refractive index n fills between the 1st diffraction grating and 
said substrates with a larger fluid than 1 and NA of said projection optical system is set as 
the range of 0.5<NA<n 2, formation of a still more detailed pattern will be attained. 
[0013] 

[Functionjln this invention, a diffraction grating is provided between the last element of a 
projection optical system, and a wafer, and the incidence angle of the optical beam which 
enters into a wafer surface is enlarged. 

Therefore, an effect equivalent to increasing NA effectually will be acquired. 
However, only by providing a diffraction grating between the lens wafers of an optical 
system conventionally simply, the diffracted lights which should originally be collected to 
one on the image surface are scattered all over the scattering position on the image 
surface, and reproduction of a mask pattern Is difficult absolutely. Therefore, it is necessary 
to reconstruct an optical system so that an image faithful to the original mask pattern may 
be reproduced as a result of interference. And as for the viewpoint of practicality to these 
optical systems, it is preferred that it is moreover usable in the conventional mask, without 
converting the conventional projection optical system greatly. This invention satisfies these 
demands so that it may state below. 

[0014]ln order to explain an operation of this invention, the principle of the image formation 
by this invention is explained as compared with a conventional method. The situation of the 
image formation at the time of illuminating a mask or a phase shift mask the case where it 
illuminates vertically respectively, and aslant, conventionally by the conventional projection 
exposure optical system is shown in drawing 2 a, b, c, and d for the again comparison with 
drawing 1 of the image formation in the optical system based on one gestalt of this 
invention. With any figure, 2:1 reduction optical systems, coherent illumination, and a one- 
dimensional pattern were assumed, and paraxial image formation approximation was 
carried out. 

[0015]First, when vertical illumination of the mask is usually conventionally carried out by 
an optical system (drawing 2 a), it diffracts with the pattern on a mask, the beam of light 
which passed the pupil 24 (Inside of the diaphragm 20) of the projection optical system 23 
among the diffracted lights converges and interferes on the Image surface 25, and the light 
22 which earned out vertical Incidence to the transmission type mask 21 forms a pattern. 
Here, if the pattern cycle which gives the greatest angle of diffraction that can pass a pupil 
is defined as a resolution limit, a resolution limit will become lambda/(2NA) (however, 
NA=sinthetaQ). If the cycle type phase shift mask 26 Is applied to this optical system, as 
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shown in drawing 2 b, tlie zero-order diffracted light will disappear and the diffracted light 
will arise symmetrically to the optic axis 29 (dashed dotted line in a figure). For this reason, 
the greatest angle of diffraction that can pass a pupil will be twice, and a resolution limit 
improves to lambda (4NA). 

[0016]moreover - centering on a zero order light among the mask diffracted lights, if 
slanting lighting is conventionally applied to an optical system (the zero order light 27 of the 
mask diffracted light assumed that it passed through the left end of since it was easy, 
drawing 2 c and) - positive negative - only a single-sided ingredient (a figure primary [ +] 
light 28) with one of angles of diffraction passes a pupil, and converges on the image 
surface. Since the diffracted light which has a twice in the case of vertical incidence as 
many angle of diffraction as this can pass a pupil, a resolution limit becomes lambda/(4NA) 
too. However, in order to use only one side of a diffraction spectrum, the resolution of an 
isolated pattern is not different from the case of vertical illumination, and there is a problem 
of contrast falling also in the case of a period pattern, for example. Since two or more 
diffracted lights cannot pass a pupil if a mask is changed into the cycle type phase shift 
mask 26, a pattern is not resolved (drawing 2 d). 

[0017]Next, the image formation in the optical system based on one gestalt of this invention 
is shown in drawing 1 . In the conventional optical system of drawing 2 , the diffraction 
grating A and the diffraction grating B are inserted between the mask 1 and the projection 
optical system 2, and the optical system of drawing 1 inserts the diffraction grating C 
between the projection optical system 2 and the wafer 4 again. Here, let both the diffraction 
gratings A, B, and C be phase gratings. 

[0018]The light R which carried out vertical incidence to the mask 1 is diffracted by the 
zero-order diffracted light RO, the primary [ +] diffracted light R1 , and primary [ -] diffracted- 
llght R1' in a mask surface. The zero order light RO reaches the point AO on the diffraction 
grating A, it diffracts in the primary [ **] direction the point CO on the diffraction grating C 
through the left end of the pupil 3 (inside of the diaphragm 5), and the light diffracted in the - 
primary direction there reaches 2on the image surface Q, and P respectively, after 
diffracting in the primary [ +] direction the point BO on the diffraction grating B. The primary 
[ +] diffracted light R1 reaches the point A1 on the diffraction grating A, it diffracts in the 
primary [ **] direction the point C1 on the diffraction grating C through the right end of the 
pupil 3, and the light diffracted In the -primary direction there reaches the points Q and P on 
the image surface too, after diffracting in the primary [ +] direction the point B1 on the 
diffraction grating B. on the other hand ~ a point ~ A ~ zero ~ +~ one ~ order ~ a direction 
~ diffracting - having had ~ a zero order light - R ~ zero - ' -one ~ order ~ the diffracted 
light ~ R ~ one ~ ' - receiving ~ an optical path ~ **** ~ two ~ beams of light ~ an optical 
path ~ an optic axis ~ six (dashed dotted line in a figure) ~ receiving ~ being symmetrical ~ 
becoming . That is, it diffracts In the primary [ **] direction the point CO on the diffraction 
grating C eventually, and both reach the point P on the image surface, and Q'. Therefore, 
the zero order light diffracted with the mask and three beams of light of primary -a 
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primary beam of light cross at P point. This depend on a mask angle of diffraction is 
clear. Therefore, at the point P, a diffraction pattern is reproduced faithfully. 
[0019]Since the diffracted light with a twice as many angle of diffraction as this can pass a 
pupil using the optical system which has the same NA and magnification compared with a 
conventional method ( drawing 2 a), the effect same with having doubled NA substantially is 
acquired, moreover - centering on a zero order light with slanting lighting ( drawing 2 b) - 
positive negative - either, since the diffracted light of both sides is renewable by this 
invention in the image surface to only diffracted light of one of the two being renewable in 
the image surface, With slanting lighting, the improvement in resolution of the difficult 
isolated pattern is possible, and big contrast can be acquired to a period pattern. If a cycle 
type phase shift mask is applied to this optical system ( drawing 3 a), as a result of primary 
[ +] light R+ and primary -light R- which the zero-order diffracted light disappears and have 
a twice [ usual ] as many angle of diffraction as this interfering, the degree of minimum 
solution image becomes lambda/(8NA). This is a half of lambda/(4NA) which is a theoretical 
limit at the time of using a cycle type phase shift mask and slanting lighting until now. 
Improvement in fast resolution is attained by this invention. 

The situation of the image formation at the time of applying slanting lighting in this optical 
system is shown in drawing 3 b. With slanting lighting, it becomes possible to pass a pupil 
to diffracted-light R1" which has a big angle of diffraction only to one side, and resolution 
can be improved to the twice a maximum of (SNA), i.e., lambda , at the time of vertical 
illumination. If various illumination light from which a mask incidence angle differs is used, 
the effect of partial coherent lighting can be acquired completely In a similar manner in an 
optical system conventionally. 

[0020]lt is as follows when the principle of this invention is explained from the position of 
the Fourier diffraction theory (drawing 4) . In the following explanation, the magnification of 
an optical system shall consider 1 and a diffraction grating shall consider only the primary 
[ **] diffracted light by a one-dimensional phase grating. From the point P on the image 
surface, when the pupil 3 is seen via the diffraction grating C, a pupil divides and is visible 
to two by diffraction (drawing 4 a). In each pupil, the mask Fourier transform image which 
passes a pupil at the specific angle which exists respectively is in sight. On the other hand, 
considering the mask side, it diffracts by the diffraction gratings A and B, and the light 
diffracted with the mask forms two or more mask Fourier transform images on a pupil. 
Among these, what passed the pupil at a certain specific angle can be seen in the pupil 
which was visible in the top (drawing 4 b). That is, in the case of drawing 4 , the Fourier 
diffraction pattern on the right of drawing 4 b appears in the pupil on the left-hand side of 
drawing 4 a, and the Fourier diffraction pattern on the left of drawing 4 b appears in the 
pupil on the right-hand side of drawing 4 a. At this time, conditions for an image to be 
correctly reproduced at the point P are the following two points. 
[0021](1) The spectrum of the same point on a mask should be in sight via two pupils. 
[0022](2) Two spectra should connect continuously at the point of contact of two pupils. 
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[0023]lt is necessary to enable it in otiier words to see one continuous spectrum via two or 
more pupils. 

[0024]seeing from an image and passing the diffraction grating C -- f - two or more shifted 
pupils being able to be seen, and passing the diffraction gratings B and A in each of that 
pupil - too -- f ' - supposing two or more shifted Fourier diffraction patterns appear, 
amplitude distribution u(x) of a true image is expressed with a following formula. 
[0025] 

u(x) - =F [sigmap(f-f ) -sigmao (f-f)] -- f SCf (SA-SB-SC) -- here, FQ expresses the 
sum to the order of diffraction with which the Fourier transform and p (f) differ between a 
pupil function and o (f), a mask Fourier diffraction pattern and x differ between real space 
coordinates and f, and spatial frequency coordinates, SA, SB, and SC differ between sin 
(sine) of the angle of diffraction of the diffraction grating A, B, and C, and sigma. Therefore, 
if SA=SB SC, the paragraph which is set to f 0 and set as opposed to both both 
f SC(s) to f 0 can be acquired. That is, the one spectrum o (f) can be seen via the two 
pupils p (f**SC). what is necessary is just to make the distance between a mask surface 
and the diffraction gratings A and B and the distance between the diffraction grating C and 
the ideal image surface, each ZA, ZB, and ZC into SA-(ZB-ZA) SC- (ZB ZC), in order to 
acquire the image over a same-on mask point at the point P 
[0026]When the upper conditions are applied to the optical system of the reduction 
percentage M:1 and the image side numerical aperture NA under paraxial approximation, it 
turns out that what is necessary is just to set up the distance ZC between the cycles PA, 
PB, and PC of the diffraction grating A, B, and C, a mask surface, and the distance ZA 
between the diffraction gratings A and B, ZB and the diffraction grating C and the ideal 
image surface almost as follows. 

[0027]ln order to acquire sufficient resolution improved effect by this invention to a 
1/PA 1 PB-1/(m-pc) (ZB-ZA) pa (zbm m-zc)/PC pan, it is preferred to consider it as 
lambda/NA< PC < root2 and lambda/NA. 

[0028]As for the diffraction gratings A and B, it is preferred that it is a phase grating. When 
the diffraction gratings A and B penetrate not a perfect phase grating but a zero order light, 
effects, such as an optical system and an oblique incidence optical system, lap with the 
effect of this method conventionally which Is inferior to definition from this method. For this 
reason, there is a possibility that definition may deteriorate. On the other hand, even if the 
diffraction grating C is a phase modulation lattice and it is an amplitude strength phase 
modulation grating, it is not cared about. The cycle of the diffraction grating C is quite small, 
and considering the silicon oxide of the refractive index 1 .5, the section aspect ratio of a 
lattice pattern becomes about about one. In this case, it needs to be cautious of the 
scattering effect of the light in a pattern section. In the case of the diffraction grating which 
consists of shielding patterns, since thickness of a light-shielding film is made quite thinly, 
the influence of dispersion can be reduced. However, the direction which uses a phase 
modulation lattice can make an exposure region large so that it may state later. 
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[0029]lf the refractive index n fills the substrate side of the diffraction grating B with a larger 
fluid than 1 etc., the wavelength of this field and sin of an angle of diffraction will turn into 
1/n. Then, the cycle of the diffraction grating B is further made fine, and if an angle of 
diffraction is made equal to the case where a fluid is not filled, since only wavelength is set 
to 1/n, resolution will also improve to 1 n. In the mask side, it is necessary to increase a 
mask lighting angle but so that the diffracted light with a bigger angle of diffraction can pass 
a pupil, and it becomes impossible in this case, for the diffracted light with a small angle of 
diffraction to pass a pupil at this time. Then, it is desirable to increase the path of a pupil 
according to this. This can also be put in another way as follows. When the refractive index 
between the diffraction grating B and a substrate is 1, the improvement in resolution is not 
obtained at all as for 0.5 or more in NA of a projection optical system used by this invention. 
It is for the angle of diffraction over the beam of light which enters into the diffraction grating 
B of periodic lambda NA at an angle of theta sintheta>0.5 being 90 degrees or more, 
localizing it on the diffraction grating surface as an evanescent wave, and not getting 
across to a wafer. On the other hand, if the refractive index between the diffraction grating 
B and a substrate is set to n, Angle-of-diffraction theta' of the light which entered into the 
diffraction grating B (it must be periodic lambda NA in order for the zero order light which 
passed the end of the pupil to carry out vertical incidence to a wafer) at an angle of sin 
theta=NA becomes sintheta' (lambda PB sintheta) n 2 NA n, and the conditions for being 
theta'<90 degree, It is set to NA<n 2. That is, this invention is effectively applicable to the 
optical system of maximum NA n 2. Although a dipping optical system generally needs a 
special optical design, when it applies to this invention as mentioned above, a special lens 
is not needed at all. Therefore, if between the diffraction grating B and substrates is filled 
with water (refractive index 1 .3 about ) and is exposed using an about 0.6 NA by which 
normal use is carried out in the semiconductor process ] projection lens, an effect 
equivalent to having set NA to 1 .2 substantially will be acquired. In this case, if a phase shift 
mask is used, the resolution of 0.1 micrometer or less will be obtained also on the 
wavelength (365 nm) of i line of a mercury lamp. In this method, since the incidence angle 
of light in which it interferes near the wafer is very large, it depends for image formation 
performance to the polarization condition of light strongly. It is desirable when the direction 
of the light which has a polarization condition with an electric field vector vertical to the 
entrance plane of light generally forms the image of high contrast. 
[0030]A1I the above arguments need to assume paraxial approximation, need to set the 
refractive index of the substrate of a diffraction grating to 1, and need to take into 
consideration strictly actually the effect of the refractive index of the substrate of a 
diffraction grating, and the influence of the aberration produced by a diffraction grating. For 
this reason, the installed position of each diffraction grating may be changed a little. It 
cannot be overemphasized that it is prefen-ed to make it in agreement in sufficient accuracy 
as for the period directions of the pattern of two or more diffraction gratings. 
[0031]Next, four points are described about the point which it should be careful of in this 
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invention. 

[0032]Generally an exposure region is conventionally restricted to the 1st compared with 
the exposing method by this optical system. Two beams of light cross also in the point Q on 
the image surface, and Q', it interferes mutually, and an image is formed so that drawing 1 
may show. This image is an image of the imitation produced In the position which should be 
formed essentially, and which does not come out. 
Generally it is not desirable. 

In order to avoid this, it is desirable to form the light shielding mask 52 right above the 
image surface 51 (between a wafer and the diffraction gratings C), and to intercept the 
image of these imitations, as shown in drawing 5 a. The diffraction grating C and the light 
shielding mask 52 can be formed in both sides of the same quartz substrate 53 as shown in 
the figure. (You may form on a separate substrate.) providing again the masking blade 
which shades this, simultaneously the above-mentioned light shielding mask and an almost 
conjugate field right above a mask or in directly under in a similar manner - a mask 
illuminated field - the above - restricting to a conjugate field is preferred. The exposure 
region which can be transferred by one exposure is a field equivalent to the distance (about 
2 andNA-zB) between a true image (P point) and a fake image (Q point), repeats the twice of 
the above-mentioned distance as a cycle, and appears. Therefore, when narrower than the 
area which wants to expose the field which can be exposed, as shown in drawing 5 b, it is 
desirable to scan an exposure region on a wafer. Under the present circumstances, if the 
reduction percentage of an optical system is M:1. it cannot be overemphasized that it is 
desirable to also set strictly the ratio of mask scanning speed to wafer scanning speed to 
M:1. About the method of carrying out the synchronous scan of these exposure regions on 
a mask and a wafer, the method used with the existing exposure device can be used as it 
is. On the other hand, when larger than the area which wants to expose an exposure 
feasible region (i.e., when the chip whose distance between a true image and a fake image 
is one piece is covered), it can expose, without scanning. The size of an exposure region is 
decided by the installed position of the diffraction grating B, and the width of one exposure 
region increases, so that the diffraction grating B is separated from the image surface. 
However, since the width of the field which cannot be transferred also increases 
simultaneously, both rate does not change as [ about 1 :1 ]. As for the width W of a wafer 
top exposure region, in order to eliminate the influence of a fake image, it is desirable to 
consider it as w< na-zb. When an amplitude strength phase modulation grating is used for the 
diffraction grating B, in order that the zero-order diffracted light of a lattice may form the 
image of another imitation at the halfway point of a true image and a fake image, when an 
exposure region is a phase grating, it becomes half mostly. 

[0033]Generally by this method, exposure intensity falls to the 2nd. Only the light of the 
specific order of diffraction is used for the beam of light which carries out image formation 
on a wafer by this method among the beams of light diffracted by the diffraction grating 
inserted into the optical system. Therefore, the light intensity which contributes to exposure 
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whenever it passes a diffraction grating will fall. Having restricted the exposure region on a 
mask and a wafer, as stated in the top also causes a throughput fall. For this reason, it is 
desirable to cope with it using resist materials using a light source with sufficiently strong 
intensity, such as chemical amplification system resist with high sensitivity, etc. by this 
method. 

[0034]As pre- explanation showed 3rd , in addition to the desirable diffraction pattern of 
f-0, on a pupil, the Fourier transform image which shifted only f =**2 (SA+SB) arises. The 
high order spectrum of a mask pattern means lapping with a low spatial frequency domain 
substantially, and, generally this does not have it. preferred In order to avoid this in the 
optical system of drawing 1 , it is PA< 1 (1-2 and NA/M). 

Then, it is good. In this case, it is because the diffracted light (equivalent to the dotted line 
emitted out of [ A1 ] drawing 1 ) of the primary [ +] direction by the diffraction grating A to the 
diffracted light (inside R1 of drawing 1) diffracted by angle-of-diffraction 2 and NA/M with the 
mask cannot exist. 

[0035]By the optical system of this invention, it needs to be 4th cautious of the aberration 
accompanying diffraction grating introduction. The aberration generated by a diffraction 
grating is explained using drawing 6 . The beam of light after mask passage assumes that it 
is in a field including the period directions of an optic axis and a diffraction grating (for 
example, a one-dimensional pattern and coherent illumination). In order for the optical 
system of drawing 6 a to be non-aberration, the difference of each light path length of 
0X^X2X3!, OY^YgYgl, and OZ^ZgZ^I must be 0, for example. However, if optical path 

length difference is among these, this will serve as aberration. When it assumes that a 
projection optical system is an ideal optical system of the aberration 0 here, from X 2X 

^^Y^^^Z^Z^, The difference of 0X^X2^X31, OY^ Y2+Y3I. and OZ^Z2+Z3l tums into 

aberration. If the wavefront aberration of the optical path which results in OZ^Z^^ from 

OX X X I which crosses the diameter of a pupil is plotted to the pupil radius coordinates s 

standardized on the basis of OY^Y2Y3l, it will become like the solid line of drawing 6 b. It 

turns out that aberration w+ (s) to the beam of light which has an angle of + to a mask 
passage crepuscular-rays axis generally becomes unsymmetrical on a pupil. Aberration w- 
(s) to the beam of light which has an angle of - to an optic axis similarly becomes 
symmetrical as a center from the symmetry of an optical system about w+ (s) and a pupil. 
In this invention, since it is necessary to make the light diffracted in the direction of , and 
the light diffracted in the direction of - interfere on a wafer simultaneously, it is necessary to 
amend the aberration to both simultaneously. However, since the pupil top aberration over 
the light diffracted in the direction of + and the direction of - is not in agreement so that 
drawing 6 b may show, it becomes difficult theoretically to amend these by a projection 
optical system simultaneously. Therefore, as for such aberration, it is preferred to amend 
between a mask and a projection optical system or between a wafer and a substrate. 
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Generally this can be performed by the following methods. 

[0036]lf w (s) and w-(s) is equal, it is possible to amend this by a projection optical system, 
then -- delta -- w -- (- s -) -- = - {- w -- + -- (-- s -) -} - {-- w - (-- s --) --} -- a pupil - a top 
(drawing 6 the range of -1< s< 1) - wavelength -- comparing -- enough - it is small -- 
quantity - delta - stopping -- ****ing . On the other hand, deltaw (s) is expressed as a 
function of the parameters xi (i 1 , 2, --), such as relative position relation of the installed 
position of each diffraction grating, the thickness of the substrate supporting a cycle and a 
diffraction grating, a refractive index and a substrate, and a diffraction grating. Then, the 
range of the problem is -1 < s< 1 and it results in calculating xi which fills deltaw(s, xi) 
<delta. An example describes the example of actual optimization. Anyway, thus, if 
aberration over the beam of light which has an angle of to a mask passage crepuscular- 
rays axis is made into a symmetrical form on a pupil, this can be amended in a projection 
optical system. It is more desirable if the aberration itself can fully be controlled by the 
method described in the top. 

[0037]As mentioned above, since it was easy, the one-dimensional pattern was assumed 
as a mask pattern, but when a two-dimensional pattern exists actually or partial coherent 
lighting is used, the beam of light after mask passage is not settled in a field including the 
period directions of an optic axis and a diffraction grating, but tends toward various points 
on a pupil. In this case, what is necessary is to consider function deltaw(s, t) {w (s, t)Hw- 
(s, t)} of the two-dimensional coordinates (s, t) on a pupil, and just to calculate as deltaw, xi 
which fills deltaw(s, t, xi) <delta in a pupil surface. This means making w (s, t) into the 
most symmetrical possible form to s= 0 on a pupil. 

[0038]ln order to acquire the effect of this invention to all the directions, it is possible to use 
each diffraction grating as a two-dimensional diffraction grating, as shown, for example in 
drawing 7 a and b. In this case, the form of the pupil on appearance becomes symmetrical 
with 4 times. However, except for the case where NA of an optical system is small, it is 
slightly difficult to carry out aberration compensation simultaneously on a pupil to 2 sets of 
vertical pupils according to the situation described in the top mutually. For this reason, it is 
slightly difficult to acquire the effect of this invention equally to all the directions on a mask, 
and it is more realistic to use a one-dimensional diffraction grating like drawing 8 . Drawing 8 
a, b, and c see with three typical diffraction gratings, and are the upper pupil shape. In 
drawing 8 a, substantial NA increases about twice to the pattern of a x direction, but it 
decreases to the pattern of a y direction. In drawing 8 b, to the pattern of a x direction, 
substantial NA will be root2 twice and is set to 1/root2 to the pattern of a y direction. As for 
NA, in drawing 8 c, x and y both directions will be root2 twice, but it is thought that it 
depends for image formation performance [ / in addition to x and a y direction in the 
direction of a pattern remarkably. It is desirable to impose restriction by a direction on a 
mask at the layout rule of a pattern, etc. in any case. 

[0039]ln order to abolish the pattern direction dependency of image formation performance, 
the conditions of drawing 8 a, b, and c may be rotated 90 degrees respectively, and 
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multiple exposure may be performed. When this is especially applied to drawing 8 c, an 
image equivalent to root y both directions having doubled NA, without x controlling 
pattern direction dependency [ / in addition to x and a y direction , and sacrificing image 
contrast can be acquired. However, when rotating a diffraction grating 90 degrees, 
aberration characteristics also rotate 90 degrees. Then, it is desirable to cope with to 
perform aberration compensation using a pupil filter and to rotate this 90 degrees with a 
diffraction grating etc. When aberration control is difficult, a slit filter may be provided in a 
pupil If needed. 

[0040]As shown in drawing 3 , when perfect coherent illumination of the cycle type phase 
shift mask is carried out, the optical path of primary light in which it interferes near the 
wafer is always symmetrical to an optic axis, and each light path length is equal. Therefore, 
even if aberration compensation of the optical system is not carried out, minute pattern 
formation is possible. That is, when using a cycle type phase shift mask under perfect 
coherent illumination, It is usable, and a two-dimensional diffraction grating as shown in 
drawing 7 does not depend In the direction of a pattern, but can demonstrate the effect of a 
phase shift mask to the maximum extent. What is necessary Is to expose only a detailed 
period pattern with a described method, and just to expose other portions by the exposing 
method conventionally after that, in transferring the mask pattern In which various patterns 
are intermingled. 

[0041]Generally the above-mentioned aberration increases rapidly with the value of NA. For 
this reason, in an about 0.1 to 0.2-NA optical system, it does not become a problem 
comparatively. Therefore, when applying to an exposure device for large areas, a reflection 
type soft-X-ray reduced-projection-exposure device, etc. of low NA and low magnification, 
various restrictions which were described in the top are reduced. 
[0042]As mentioned above. It can be said that this Invention Is what passes a pupil for the 
right-and-left-pieces side of the Fourier diffraction pattern centering on a zero-order 
diffracted-llght line independently respectively, and compounds this by the image side. It is 
already applied to the optical microscope as this view Itself Is discussed by the above- 
mentioned literature, but the composition of the optical system realizable on a reduction 
projection optical system was not devised In this until now. This invention is exactly what 
realized this skillfully In the reduced-projection-exposure system. That is, the optical system 
of drawing 1 provides a diffraction grating between a projection optical system and a wafer, 
and It constitutes an optical system so that an image faithful to the original mask pattern 
may be reproduced as a result of wafer surface interference, while it enlarges the incidence 
angle of the optical beam which enters Into a wafer surface. This invention is applicable to 
various projection optical systems, such as a dioptric system, catoptric systems and these 
combination, a reduction optical system, and an actual size optical system. Also as an 
exposure method in the case of exposing a mask pattern to up to a wafer using these 
optical systems, it is applicable to both package transfer a scanning method step-and- 
repeat one a step and scan, etc. This Invention is purely based on the geometric optics 
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effect so that more clearly than the above explanation. Therefore, the problem resulting 
from evanescent light use as in the method of using the above-mentioned moire pattern ] 
is not produced. Since it can detach from a wafer, it can install and there are moreover also 
no necessities, such as a synchronous scan, a diffraction grating is easily realizable far. 
[0043] 
[Example 

(Example 1) Based on this invention, as the scanned type KrF excimer laser projection 
aligner of NA=0.45, the light source wavelength of lambda 248 nm, and the reduction 
percentage 4:1 was typically shown in drawing 9 , it converted. That is, the transparent 
quartz plate 103 which has a phase grating pattern was inserted in both sides between the 
mask 101 and the projection optical system 102 which were installed on the mask stage 
100. Between the wafer 105 and the projection optical system 102 which were installed on 
the wafer stage (sample table) 104, the shielding pattern and the transparent quartz plate 
106 which already has a phase grating pattern on one side were inserted in one side so 
that the shielding pattern side might meet a wafer. The shielding pattern was used as the 
Cr pattern 1 mm in a cycle of 300 micrometers in width, and the phase grating pattern was 
used as the Si-oxide-film pattern of cycle = lambda/NA. It is the cycle of the phase grating 
pattern on the mask side transparent quartz plate 103 of this 4 times by the side of a wafer. 
Si-oxide-film thickness was set up so that the phase of the light which penetrated the film's 
existence part and the portion not existing might shift 180 degrees. These patterns were 
formed like the so-called production processes of a chromium loess phase shift mask using 
EB lithography. The transparent quartz plate 108 which has 1 .2 mm in width and a cycle 
=4mm shielding pattern was formed in the illumination-light study system 107 side of a 
mask. The shielding region of the above-mentioned shielding pattern was set up become a 
shielding pattern on the wafer side transparent quartz plate 106, and conjugate. 
[0044]The cycle of the phase grating of transparent quartz plate 103 both sides, thickness, 
an installed position of each transparent quartz plate, etc. were optimized using the 
optimization facility of a ray trace program so that the aberration on the projection optical 
system pupil In the meaning stated to the paragraph of the operation might serve as axial 
symmetry. The aberration compensation filter 109 was inserted in the pupil posion of a 
projection optical system for aberration compensation symmetrical with the above- 
mentioned axis. Here, the aberration compensation filter 109 amends the astigmatism of a 
direction mainly vertical to the period directions of the above-mentioned diffraction grating. 
Each of transparent quartz plates which have these diffraction gratings, and aberration 
compensation filters is exchangeable, and it enabled it to set them as a position promptly. 
In order to position a transparent quartz plate correctly, the electrode holder (not shown) of 
each quartz substrate has a slight movement mechanism (not shown), can measure the 
position of each quartz substrate, and can set it as the position of a request of this. By 
monitoring an image by the autofocus monitor (not shown) formed on the wafer stage 104, 
it also made it possible to feed back a monitored result and to adjust the position of each 
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quartz substrate so that the optimal imaging characteristic might be acquired on the image 
surface. Aberration compensation may be beforehand performed for the projection optical 
system itself to the above-mentioned diffraction grating, and an aberration compensation 
filter is unnecessary in this case. Exposure was performed carrying out the synchronous 
scan of a mask and the wafer. The stage control system 110 carries out the synchronous 
scan of the mask stage 100 and the wafer stage 104 with the velocity ratio of 4:1 
respectively. 

[0045]The mask which has a pattern of various sizes containing a cycle type phase shift 
pattern was transferred to up to the chemical amplification system positive resist using the 
above-mentioned exposure device. As a result of performing an after-exposure 
predetermined development and observing with a scanning type electron beam 
microscope, the resist pattern with a size of 90 nm (cycle of 180 nm) has been formed with 
the cycle type phase shift mask to the period directions (x direction) of the above- 
mentioned phase grating. On the other hand, the resolution of the direction (y direction) 
vertical to the above-mentioned direction was size a grade of 140 nm (cycle of 280 nm) 
using the phase shift mask. Then, next, when the phase grating of the three above- 
mentioned sheets and the aberration compensation filter were rotated 90 degrees, the 
same mask was exposed and the resist pattern was formed, the resolution to a x direction 
and a y direction was reversed. 

[0046]Although the upper example is limited extremely a cycle, an installed position, etc. of 
the kind of the kind of optical system, NA, light source wavelength, reduction percentage, 
resist, and mask pattern, a size and a diffraction grating, and a shielding pattern, these 
various conditions can be variously changed within limits which are not contrary to the main 
point of this invention. 

[0047]The example which optimized the optical system is shown so that the influence of 
(Example 2), next the aberration accompanying diffraction grating introduction may serve 
as the minimum. In the optical system of drawing 10 , the mask surface of a projection 
optical system and the image surface where mask surface of an optical system and the 
image surface, sigma, and sigma' does not introduce a diffraction grating, and hi (i 1-6) 
show the distance in a figure. [ where O and I introduced the diffraction grating The 
shielding pattern of the diffraction grating A, B, and C and wafer right above was formed in 
both sides of a transparent quartz substrate like Example 1 . At this time, transverse 
aberration w** (s) to the beam of light which has an angle of ** to an optic axis after mask 
passage is expressed as follows as a function of the standardization pupil radius 
coordinates s. 
[0048] 

w**(s) =wu**(s)+ws** (s). wu**. (s) =C^h^+C2. (s^) ~ +C5h5+CghgWS**(s) =C ~ 
3h3+C4h^C^=tan[(second**SQ) /M] / M. C2=tan r(s/n)-(second**SQ)/(nM)] /M, C3=tan 
[s/M]/M, C^={s) and tan, and Cg=tan[(second**SQ) In] Cg=tan (second**SQ) ~ here, wu 
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expresses an unsymmetrical ingredient and an ingredient with symmetrical ws to s 0 on a 
pupil. However, they are Sq=NA and s^= lambda/PA. When s^ (NA), the reducing 

magnification M, and the refractive index n of a transparent quartz substrate are made into 
a value peculiar to a system, an upper type contains seven optimizing parameters, hi (i 1- 
6), and s^. Then, these values were optimized wu and by imposing seven constraints that 

aberration should be made the minimum to ws** (s) (s). An example of an optimization 
result to some NA(s) is shown in Table 1. However, aberration was expressed with the 
wavefront aberration which makes h_/lambda a unit. 

o 

[0049] 
[Table 1] 

^1 



NA 


0.1 


0.2 


0.3 


0.4 


hi/h5 


17J352 


16.167 


14.263 


11.343 


h2/h5 


0.529 


0.995 


1.343 


1.507 


ha/hs 


24.014 


22.800 


20,137 


14.619 


hVhs 


0.368 


0.485 


0.652 


0.920 


hfi/hs 


0.01 


0,01 


0.01 


0.01 


51 


1.225 


1.259 


1.300 


1.349 


Wmax(s) 


5x10'^ 


3x10"^ 


4x10'^ 


5x10-^ 




1x10"'^^ 


1x10'^ 


2x10 


1x10"^ 



Wmax(s) = max[w+(s) - w-(s)] 
si =n A./PA 



[0050]As shown in a table, it was possible to fully have suppressed aberration also in 
NA=0.4. The same optimization can be performed to various arrangement, when the 
diffraction gratings A and B are respectively formed on another transparent substrate. Still 
severer aberration conditions can be satisfied by increasing the parameter of optimization 
by introducing a new transparent substrate and diffraction grating. 
[0051 ]The example which created DRAM of a 0.1 -micrometer design rule is described 
using the exposure device shown in (Example 3), next Example 1. Drawing 11 shows the 
making process of the above-mentioned device focusing on an exposure process. 
[0052]First, the isolation 202 and the gate 203 were formed on Si substrate 201 in which 
the well (not shown) etc. were formed ( drawing 11 a). The isolation and the gate pattern 
were exposed with the exposure device shown in Example 1 using the cycle type phase 
shift mask. Here, since it was predicted that the portion into which pattern shape is distorted 
in the periphery of a period pattern with a simulation arises, the mask for removing this 
garbage was prepared. After piling up and exposing the above-mentioned mask using an 
exposure device to the same resist film as what performed the above-mentioned exposure 
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conventionally, negatives were developed, and the portion which is not preferred was 
removed on circuit performance. It may be coped with by ignoring in circuit, without 
removing the above-mentioned garbage. 

[0053]Next, the capacitor 204 and the contact hole 205 were formed ( drawing 11 b). The 
electron beam direct writing method was used for pattern exposure of a contact hole. Next, 
the 1st layer wiring 206, a through hole (not shown), and the 2nd layer wiring 207 were 
formed (drawing 1 1 c). The 1st layer wiring (O.lmicromL/S) was exposed using the 
exposure device shown in the cycle type phase shift mask and Example 1. However, the 
direction and size of each diffraction grating were changed into what was shown in drawing 
9_c here, this was rotated further 90 degrees, and multiple exposure was performed. At this 
time, the aberration compensation filter 109 was also simultaneously rotated 90 degrees 
with the diffraction grating. O.lmicromL/S has been formed without direction dependency to 
the wiring prolonged in both directions in every direction by this. Formation of the through 
hole used the electron beam direct writing method like the contact hole. Subsequent 
multilevel interconnection patterns and final passivation patterns are designed with a 0.2- 
micrometer rule, and were formed by the usual KrF excimer laser projection exposure 
method do not use this invention. It is not caught by what was used in the above-mentioned 
example about the structure of a device, material, etc., but can change. 
[0054]The example which applied this invention to manufacture of distributed feedback type 
(DFB) laser is described as (Example 4), next another example of this invention. What 
converted the ArP excimer laser reduced-projection-exposure device of NA0.5 like Example 
1 was used for the exposure device. In the making process of the conventional 1 4 
wavelength-shift DFB laser, the diffraction grating with a cycle of 140 nm currently formed 
using the electron-beam-lithography method etc. was formed using the cycle type phase 
shift mask and the above-mentioned exposure device. It became possible to manufacture 
more the DFB laser which has by this performance almost equivalent to what was produced 
using the electron-beam-lithography method etc. for a short period of time. 
[0055] 

[Effect of the Invention As mentioned above, when irradiating a mask via an illumination- 
light study system, carrying out Image formation of the mask pattern to up to a substrate 
according to a projection optical system in this invention and forming a pattern, while 
providing a diffraction grating in the above-mentioned substrate and parallel between the 
above-mentioned substrate and the above-mentioned projection optical system. A 
diffraction grating or an image formation optical system is established between a projection 
optical system and a mask or between a mask and an illumination-light study system so 
that the image of a mask pattern may be reproduced by interference of the light diffracted 
by the above-mentioned diffraction grating near the substrates face. 
Therefore, formation of the minute pattern conventionally beyond the resolution limit of the 
exposure device is attained. 

Specifically, an effect almost equivalent to having doubled a maximum of the NA 
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substantially is acquired, without changing NA of a projection optical system. Without 
changing the fundamental composition of the optical system of an exposure device greatly 
thereby conventionally, a big exposure field and high resolution are acquired and 
manufacture of LSI of size the class of 0.1 micrometer is attained using reduction projected 
light lithography suitable for mass production. 
[0056] 



[Translation done.] 
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* NOTICES 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 

[Brief Description of the Drawings 

fPrawing 1 It is a mimetic diagram showing geometrically the principle of the image 
formation of one optical system by this invention. 

[Drawing 2 It is a mimetic diagram showing the principle of the image formation by the 
exposing method conventionally various . 

[Drawing 3 It is a mimetic diagram showing the principle of the image formation at the time 
of applying a phase shift mask or slanting illumination to one optical system by this 
invention. 

[Drawing 4 It is a mimetic diagram showing the principle of the image formation of one 
optical system by this invention in diffracted-light study. 

[Drawing 5 It is a mimetic diagram showing a part of one optical system and an example of 
an exposure method by this invention. 

[Drawing 6 It is a mimetic diagram showing the characteristic of one optical system by this 
invention. 

[Drawing 7 It is a mimetic diagram showing the optic used by this invention, and the effect 
acquired by that cause. 

[Drawing 8 It is a mimetic diagram showing the optic used by this invention, and the effect 
acquired by that cause. 

[Drawing 9 It is a mimetic diagram showing the composition of the exposure device by one 
example of this invention. 

[Drawing 10 It is a figure showing the characteristic of another example of this invention. 
[Drawing 1 1 It is a mimetic diagram showing the device manufacturing processes by 
another example of this invention. 
[Description of Notations 

1 [ - A wafer, 5, 20 / - It extracts, ~ A mask, 2 - A projection optical system, 3 - A pupil, 
4 6, 29 [ - Zero-order diffracted light, ] - An optic axis. A, B, C - A diffraction grating, R - 
Light, RO, RC R1 , R , R1 -- The primary [ +] diffracted light. R1', R -- -primary diffracted 
light, AO, A1 ~ The point on the diffraction grating A, BO, B1 ~ The point on the diffraction 
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grating B, CO, C1 , Cr - The point on the diffraction grating C, Q, P, Q' -- Projection 
optical system, ] - The point on the image surface, 21 - The conventional transmission 
type mask, 22 - Light, 23 24 [ - The zero order light of the mask diffracted light, -- A pupil, 
25 - The image surface, 26 - A cycle type phase shift mask, 27 28-primary [ +] light, 51 - 
The image surface, 52 -- A light shielding mask, 53 - Quartz substrate, O -- The point on a 
mask, X ^, Y^, - The point on the diffraction grating A, X - The point on the 

diffraction grating B, X ^, Yy - The point on the diffraction grating C, I - The point on 

the image surface, 100 [ - Transparent quartz plate, - A mask stage, 101 -- A mask, 102 
-- A projection optical system, 1 03 1 04 - An illumination-light study system, 1 08 / - A 
transparent quartz plate, 109 -- An aberration compensation filter, 1 10 / - A stage control 
system, 201 / - Si substrate, ] - A wafer stage (sample table), 105 - A wafer, 106 - A 
transparent quartz plate, 107 202 - A contact hole, 206 / - The 1st layer wiring, 207 / -- 
The 2nd layer wiring. ] -- An isolation. 203 - A gate, 204 - A capacitor, 205 
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DRAWINGS 



[Drawing 1 




[Drawing 2 
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sin0'= (A/PB+sine) /n = 2NA/n 

0'<9OSTa5Sfc46(D^mi. NA<n/ 
2i::&5o EP^. *^W^«ANA = n/2CD?t^^t 

D-tX{CfeV^Tjit€ffl$nTV^§ N A 0 . egjs^s 

m\. z) xw^Lxm%tm. m.mtnk^ i . 

7hT;^^':&fflV>nff. imvy-fn lUn'^^ (3 6 
5 n m) T't. 0 . 1 /i mOTO/^#JS*^tf 5)^15 C t 

[0 0 3 0] \:x±.<Dmm\i±xi5m&.mmu 

[0031] i>jtc, *^W{i:fci^Taifr'^t^fcov> 
[0 0 3 2] ^ 1 *)l£#I^T'(it^*S)l£?itJt'^ 
i!ffi±O^Q, Q' (ci3V>rfc2)l6«IA^35t)05v^ 

10a± (-J'X/N-fcial/TtS^COFI) lCjg)1£T7.^'5 

oH^sffi 5 3 (r>-m\mm^ ctm-^^o im 
(DmwL±.\zi^is.Lx%,mt>rs.\,\ ) x> cntiRiBtfcisi 

\tm9irimm:mitti-^7.^y^-f\y- Y^wi^m 
Lx. ^T.mmm.^hWMSTs.mmt.um^Lt 
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m (p^) tmm (Q^) mmm nmz'nk- 
ZB) icw^t^mmr\ ±mmm<DziBmmtLx 

^^<D*i/h^A^M : iT'$.ofc^e>tf> -^x^Ts^^y 

mmi:K>±^^'^^s nmtmmmmm 

^x/\-±nMm<ommi. w^NA-zBt-rs 

t^o :^mx^ x^^~±vmt^mii. mm 
mm^mbxi^^^cti,. 7.)i-f'y vi&ymm 

[0 0 3 4] ^3ic. tnoymnnx^^brc^oic. H±t 

r'=o(Dmtbi^mmci]u?iX. f"=±2(sA 
+ sjim'^'yy\^brc7-vx.mmti^^b^o cn 

rsmmmcm^ji^xbt^ct^MMu -ist$f 

PA^l/ (1-2-NA/M) 

xmtnrzmm (si^^jr o tji^fr^afM^A 
tc<fc5+ 1 '^ysmmyt (h i ^I'a i tf^^m^m 

[0 0 3 5] ^4 (c. mm<Dmj^xii. mmT^ 
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12 

mm) o 06 aO^^^*^ISlKMT'S5/cft{C«, |?iJk. 
{^0X1X2X3 K OY, Y2Y3 K RXSOZ, ZzZ, I 

'o^7i£Sfi<oM*^0T'^:(tn{f*e.^i\ L*^L, 

t. X2X3 = Y2 Y3 = Z2 Z3 OX.Xz + XsK 

OY. Y2+Y3 K Rt>*oz.z2+z3 Komtmrnt^j: 

So ii(Oill^^S«§OX, XiXs l!()>6>0Z, Z2 Z3 I 

^m^micmmMyN+ismmiX'-mam 

^v/+(s)tm^f^>btbxmtrj:^o ^nmx'ii. 

+i5mcmnbrM-i5]^\cmbrMmmc^:r. 

Set at, +:^fbit.-ijm^mbrcmcmm±>^ 
mxWiEt^!itmtb\>\ cm. -asic^^fDj; 

[0 0 3 6] w + (s)tw-(s)A^^Lttn{f, cn^ 
JS^Jt^l^T'^fiJE-rSCtii^oItlT'feSo ^cT*, Aw 
(s)= (w + (s)} - {w-(s)} ^, a± (06-efi 
- 1 ^ s ^ 1 ©IBH) T'KSi:lt'<Tt^t/jN?V^«(5 

30 mmtMm. mnm^^^mmm-smm. 
= 1,2, •••) m^tbxm^^. =tz.x\ m. 

a, - 1 ^ s ^ 1 <D$i5HT% Aw(s, x\)<6^mrc 

•^7.rmmitm\tnbx±<r>n^^^t^%mt 
%.\zii5\.^xm.t^ctt>'^xt^o Xs ^e.tc±T'a< 

40 U\ 

[0 0 3 7] ffi#cO/-ci6v7.i>/^^-yi:LTl 

i>j7£<D/-^^-y*s^bfc*^ iiii{c«2i^7t/'^^5?-y 

v;^i^lji^<0)tii{i, )tlilit@l/f1S^©^W:^iS] 
%#t?Hl^tiKf P.I'. a±<Dt^^jj^t[p]*^5<, CO 
AwitT. li±02i^7E^S (s, t) (DWk 
AwCsv t)= (w + (s, t)) - {w-(s, t)) ^ 
®ffirtT% Aw(s, t, X iXi^SSfcfx i 

%*i{)n{fj;v\ cnti. w±(s. t)^a±T*s = o 
50 \z.nbxxt^miiWi.^tt^ct^m.tio 
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[00 3 8] $?>C. ^TC»;^|p»C5^tT*^g^0^1 

X l3\^<D^^^-yiZlciLXnnm N a « 2 fga< Jg;*; 
t§)!)\ y;^|p](D/^^-y{cWLTaM'>-ri.e 08b 

. -5o08c<O«^. X, yM;^|p]ttNA{i/2^i:% 
X. y:^|n]Ji(nCJ^t5ligt1tBE«^L<^^^- 

[0 0 3 9] 3g^tttgO/^a'-y7^lP]tt#tt^*< tfc 
16K«, 08 a. b, c<om^. ^-SrmtfQ Ogli 

^SfflLfc^^Kfi. X. y^fplW^fcWTS^'^^-y 

tx. yS:^(&li:feNA*V2<gLfc<Dil|^^^«i«-^ 

■</\^i'~^miimtxtjK\^\ 

[0 0 4 0] msiii^sLrci^oinmn^miSL^tyy h-TT. 

•e^)$-ri.± 1 'Ammmmctibxmcmxsb 

tnx\i^ii<xm»^^-yi^mm'eh^o ep-^, 

utEt^-rx^/^'^'-y^mt^^'^iai. wmm 
f^i'-yoysi-^iEyii^xmu ^(omnmm 

[00 4 1] Sfc. imLmt-WiKli K(D^tt^\t 
%.mtmizt^o CCDtzlsb. NAO. 1 ~0.2gS<DJl£ 
^JkX'liimmmtrj:^rj:h\ UoX. {gNA -{gfg 
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[0 0 4 2] o'mmm^'i>>V'tb 

nx\^^rjif)^orzo iitim'\^mm\!:is 

mm^-^ti^^oic. n.mmi^Lrc^<DX'h^o 
x^^-±^n^t^tM^mm^}ktbxi.. -m 

i/^5:^Stfe(t5^%x/U7-t:yh)t^iJfflteH-r5 

F^S^a^C^v^ X. lil5r1S?{4'>x/\-J;t)StLT 

[004 3] 
[^%0IJ] 

(mmmi) mmm-^t. na=o. 45. 

ftA = 2 4 8 nm. J|/h$4 : 1 (DT.^'^ySlK r Fx 

i^-!f sKsjtsi*. 0 9 mmiCTTsti^ 0 

30 ^^[jgL/'Co Ep-^s vX^'Xr-v'l 0 0±ti:SaL/c: 
vxi' 1 0 1 tm^m 1 0 2<DF^{C. MffilCfitSI^ 
i^v^^-i/^WrSMWE^Sl 0 3%}fALfco X, 

->xA-XT-i; (sm^) 1 0 4±^c^lIL/•c•>x/^ 
- 1 0 5 t^^jft^^ 1 0 2(DP^tc, 
X t^M-StfiffltS^/^^-y^^-rsiB^H^^l 
0 6^, iEJt/^^f-yo{|iJ*<'i'x/N-tcM-rsJ;5fi: 
ffALfco )i7ie/^^-y{ii@3 0 0 /imS«^ 1 mm<DC 
T/^^-y. {iitH8?/^^?-Mil«^= a/nacos i 
K{l:li^^;5f->^ t/co v;^^iJigTO^Si 0 3±<o 

40 m^j'^^f-ymmit. 'j'XA-fflij(04fgT'fe5o 
\y7.m'yyyrx^(om-fti^7.iimmcbxmiii. 

Lfco X. VX^»M¥3^1 0 7ffliJt, m .2m 

m. mm=4mm<Dm^j^^-y^^tmm^M^i 
osmmco lisa^^^ii-yoymmmii. -^x/n 

om^btzo 

50 [00 4 4] jiW5^« 1 0 3 mm(o&m^mm> 



(9) 
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fzo ±mm^mm(Dktb. ^mWiEy 



10 



20 
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{iiffl'>7bVXi7tj:t)\rffi9 0nm (J§|^ 1 8 0 n 
^ffll/^T^Sl 4 0nm imz 8 0 nm) m&X'$>-2 

[0 0 4 6] ^fe, ±<ommmt. ytmmm. n 
tt^>sbxm^-snrc^(DX'$>^t)K cti^o^m^ 

[0 0 4 7] (mmZ) i^t, [H]JiTlg?#AtC#5lR 
to m 1 0<D)t^^tfcl^T, 0. Hi. I11JJt*S7^» 

~6) tt0*omiii*s^-r,, @j/ftSi^A. 

x±<Dm^m^mncmmmmvi±(sM. 
mm^mn s ©Mat lt^^j© * ? ta^nso 

[004 8] 



mmt) mmmm (H^-^-r) ^mm 
m(DmmmLX!inmm<Dim\m^t^ctff 

T'tSo ^etC. -^x/N-Xr-^^"! 0 4±(ClStt/c:t 

i^tc. t-^?-iBS^7^-KA.y^'Lr§5i^«1S 

S«:*fee.!!)>i;i6±fBlHlJiT«?{i:WbTiRMMiE^SiiL 
Tt<}:<. c^Dti^^cMll^iiE7^;^^-^i^E^g^ 
v\ TXi'St;'i7X/N-;&|i|S^X4^i'yL**< 
P>tT*ofto Xr-i^iSiJil|^ 1 1 0{i> -^T.'PT.T-V 
loot 7x>'N-XT-i^ 1 0 4 4 : 1 Ojia 

[0 0 4 5] ±iBS)tgH^ffli^r. mmm^i \ 

/ ^ ^ - y %^ty^'«? ^ ^ - y * 5 V X 

w±(s) = wu±(s)+ws±(s) 

wu±(s) = C. h.+C2(si)h2 + C5 h5 + Cth6 
ws±(s) = C3 h3 + C, h< 

C. =tan[(s±so)/M]/Ms Cj =tan[±(si /n)-(s+so)/(nM)]/H, 
C3=tan[s/M]/H, C4=tan(s). 
C5=tan[(s±so)/n]> C«=tan(s±so) 
cIC-p. wu{iii±T's = 0(c5^bTl^5tliN*fiit53\ w 
s\tmfM-^^-t. '^\.. so = NA. s, = A/P 
AT'feSo so (NA) , ii/hfg^M> SH^HHaSO® 
•J/f45n(i'>XrA@W©ffitt5f:> ±ii:{*70©fia 
fb/^^?*-^. hi (i = 1-6) Rlfsi^#t?o ^c: 
T% wu±(s), ws±(s)CJ^tTlKl^a'hi:-r'^ 

ft Lfco 1/^ < OA^tDN A tC^ttSlKklS^tO-I^J^S 
[0049] 

[an 



hi (1 = 1 
B. Cf^x 



40 



NA 


0.1 


0.2 


0.3 


0.4 


hi/hs 


17^52 


16.167 


14.263 


11.343 


hz/hs 


0.629 


0.995 


1.343 


1.507 


ha/hs 


24i)14 


22.800 


20.137 


14.619 


h4^5 


0.368 


0.465 


0.652 


0.920 


he/hs 


0.01 


0.01 


0.01 


0.01 


SI 


1.225 


1.259 


1.300 


1.349 


Wmax(s) 


5x10"^ 


3x10"^ 


4x10'^ 


5x10"^ 




1x10""^^ 


1x10*^ 


2x10 


1x10'^ 



=max[w+(s)-w-{s)] 
si -nX/PA 



50 
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[0 0 5 0] S*''5.t)*^i>J;9fC, NA = 0.4tteV^ 

mm. iHij/T<s^A. Bm^%^]mmmm.icmif^ 
[00 5 1] immz) '^(c. nmm i tc^tfc^^t 

SH^ffll/^T. 0. 1 ;iniKth;l/-;VODRAM^{M 

Lfc^ijKov^rai'^^.o 01 ltt^ ±far/^-r;^co{tiii lo 
[0 0 5 2] $-r, 'yx)V^ mTn^t) m^vrcs 
0 3mfS.Lrc m \ \ a).o r^yu-i/ByRxsf 

i-a-ft, |HlffiWfi:JSfflfSi:i:KJ;oT^<f5BLTfeJ; 
[0 0 5 3] i^t;:, +•\';^>^f-2 0 4Rl;3>3^^'^ 

*-;!/2 0 5%)gfi!ctrc (01 1 b) , ayii^ht^- 

)\/<D/'^^-y^mcii. m^wmmm^^^fco '-k 

^11821^2 0 6> X/U-*-;!/ (^/TN-fr-f) ^ ^ 

zmmzoim^Ltz m\ 1 c) o ^immWi 

(0. 1 ;tmL/S) ai^Sfii^Si^7bV7,^i:^J5g 30 
fljnc^LfcHJ^gB^ffll/^TMJttfc, {iU Z.LX 
^lel^lg?©:^!^ 9 c L/C t OtSM 
^^KJ:n«-9 0glsl<te^-a-t^lS7t^tfo/c:o 
|i)l^tiRMffiiE7^';l/^-l ogfelemrlg? 

tiifetgoaiHis^itrco cnfcj;?). iE^«ii;^iP] 

K:Sy§iHJItS^UT;^lS]tt#1t*LtC0. l/imL/ 
0. 2fim;l/-;l/T'iatf;jnT*5!3. 40 

[0054] (^Sfit^lJ 4 ) i^fC, *^^©glJ(D^fif60IJfc 

LX. tm^^'Ti^Um. (DFB) b-if-cDS{t[^ 
jgfflL/cWcoi/>Taj'^§o S)tgH(C«. NAO. 5 
(Ok r Fx+v/vU-ifi^/JxJS^l^tgS^lliSfBtflJ 1 |Bl 

h D F B I/— tf-(Df^ittSKfeV^r. S^i^ffiiSffi^ 
^ffll/>T}gfi!ttTl/>rc^«^ 1 4 0 nm©|sl^<S?;&, Ji 50 
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/-Co cntcfcD, «?iiaH}sii^ffli/>Tf^^L/'ct<D 
tmtmmmm^ d f b u-y-?:, * osw 

[0 0 5 5] 

Lxm-^7.^\zmL. •^7.^f^^-ym^f^% 

\t^<owSit-\^^m^x/^^-ym'iS.tm. ±ie 

digits 1 1 ±ieieij/fis?t J: 0 mmnrM 
=^w\t:^^mL\m^x'^7.^f^^-y<omm^tti 

^I^OH t ajft^g? XfilSlt^^lS^iStt 5 c i: t cfc 
?J£*l?tgS(0iS{tlW^S^/ct8[|ffl/-^^-y©fg 

[0056] 

[03] *fgWli:j;§-)t^^icfi[ffl':/7hvx^x« 
[14] *^^tc:J;5-7t^l^©i^#©Jia*l3«T)l£^ 

[05] imm.^^-%^m-'W7itwm'm-' 

m^mmmxh^. 

[06] *ll^tJ:5-7t^l^©#tt%,T^tjiS0T'* 

[07] *iiwT'fflv^5)t^a5i5at^-nK:j:»5t#e.n5 

ai^TNtS^0T'fe5„ 

[09] *^^o-^Wli:j:5BJtSHO«fi!t*^-r 

«^:0T'fe5o 

[01 0] WLmm\<r)%im\<r)'^'k^^<^wr:h^o 

\--^7.'). 2-m%m^. 3-11. 4-^7x/N-, 

5, 2^-m. 6, 2 9 -m A. B. C -lslJ/flS 
R- Jt. RO. RO' "Oi^isim RK R+> 

R 1 " ••■+ 1 'm^%. R 1 \ R — 1 '^iHim 



(11) ^g§T8-316125 

19 20 . 

AO, A 1 •••|5]J/tIS7A±©j^, bo, B 1 -leltlTlS? 1 0 O-TX^'Xr-i/*, 1 0 1 -vXi', 102 

B±(0^. CO. CK cr -lelJ/TtS^ClO^, 10 3-1^5II«> 10 4-'>x/n- 

Q, P. Q' •••®ffi±<D^> 2 I -tie^gjiSvX^. XT— (K3|^^) . 1 OS-'-^XM-, 1 0 6 " IW 

2 2-)fc, 2 3-SIK)t^^> 2 4-1. 2 5 -M, 5m 10 7 -,TO)tm 10 8-1^5^ 1 

0:k^. Z8-+l'kyt. 5 1- t®, 5 2 - jS)tVX 20l-SiStS> 2 0 2 -7-^Vly-i/3y. 20 3 

i', 5 3 "SIIS=K> 0 "VX^'±©jS. X.> Yi, Z " y-h, 2 0 4 2 0 S- ayHi/ \- 

,-mii^^A±<0,^. Xt. Yz. Z2"-[5]J/T*S7B±(D 206-^lSESI> 207-m2®SBi^ 



[gll] 
m^ 



mzi 
mi 
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